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ABSTRACT 
The activity of a phenol compounds serves as an anti-aging compound functions as an electron 
transfer inhibitor. In this study will be discussed about the optimization of the acquisition of 
antioxidants from "Musa sappientum" (Msp) peel with the Rhizopus oryzae fermentation technique 
using a solid state fermentation (SSF). The basis of solvent used is ethanol and methanol where 
methanol produces the highest antioxidant yield, which is 6.939 mg/g of banana peel at 50oC. The 
addition of Rhizopus oryzae mushrooms with a mass content of 0.02 grams, 0.1 grams, and 0.5 
grams (Samples A, B, and C) aims to increase the content of phenol compounds in banana peels. 
Phenolic compounds from fermentation were analyzed qualitatively and quantitatively by using 
sodium carbonate (Na2CO3) and Folin-Ciocateu (FC) reagent. The results of the analysis show that 
there are deposits and color changes from yellow-orange to light blue. Measurement of absorbance 
values with UV-Vis spectrophotometry with standard gallic acid solution showed that the 
concentrations in samples A, B and C were 118.8 mg, 242.6 mg, and 123.4 mg, respectively. From 
these results it can be concluded that there is an effect of adding Rhizopus oryzae mushroom to 
phenol recovery. The outcome of this study is that the fermentation of phenol can be 
commercialized and widely used in the health and pharmaceutical industries.  
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1. INTRODUCTION 
Banana is one of the most produced and consumed fruit in the world, Indonesia has largest and 
varying kinds of bananas, and one of them is Musa sppientum. Based on some researches published, 
the results showed that Bandar Lampung province is the largest produce of Musa sappientum. From 
12 sub-districts in Bandar Lampung city, 27 accessions of bananas were obtained. All the 27 banana 
accessions fall into two groups (Ernawiati, Agustrina, Irawan, Nurhasanah, & Kanedi, 2018). 
Banana also have significant impact to fulfill nutrition in Indonesian society. However, banana is a 
tropical fruit crop that has a high potential and economic value, especially for countries in tropical 
climate areas such as Indonesia (Ernawiati et al., 2018). 
Musa sapientum is the second largest produced fruit after citrus, contributing about 16% of the 
world’s total fruit production (Bhatia & Paliwal, 2016). Banana peel is not edible for human. It will 
become a biodegradable waste and further utilization of this banana peel is still limited. However, 
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Banana peel is a rich source of starch (3%), crude protein (6-9%), crude fat (3.8-11%), total dietary 
fiber (43.2-49.7%), and polyunsaturated fatty acids, particularly linoleic acid and α- linolenic acid, 
pectin, essential amino acids (leucine, valine, phenylalanine and threonine) and micronutrients (K, 
P, Ca, Mg). Banana peels are also a good source of lignin (6-12%), pectin (10-21%), cellulose (7.6-
9.6%), hemicelluloses (6.4-9.4%) and galactouroninc acid (Mohapatra, Mishra, & Sutar, 2010).  
Solid State Fermentation (SSF) is one of the fermentation method. As we know, that fermentation 
process have been studied for many decades. SSF a simple technique for the production of bioactive 
compounds such as, phenolic acid and flavonoid acid. It also more economical and less cost due to 
the use of agro-industrial and botanical fruits waste, especially banana peel (Oliveira, M. S., 
Kupski, L., Feddern, V., Cipolatti, E., Badiale-Furlong, E., & Souza- Soares, 2010). Based on the 
banana peel chemical composition, it’s visible to obtain bioactive compounds as phenolic acid 
through SSF method. Phenolic compound known as an antioxidant activity in some plant defense 
system by sequestering any oxygen molecules to prevent oxidation reaction ((Nara, Miyoshi, 
Honma, & Koga, 2006).  
Many kind of major microorganisms known about the ability to produce enzyme that degrade the 
plant wall cell, fungi are the best candidate due to both economic and simple handling than 
microbacterial. In most case , The genus Rhizopus is part of the fungal ecosystem responsible of 
these fermented products to valuable product. Scientific classification of this fungus is Class, 
Phycomycetes; Order, Mucorales; Family, Mucoraceae; Genus, Rhizopus. This genus is composed 
of 10 species, Class, Phycomycetes; Order, Mucorales; Family, Mucoraceae; Genus, Rhizopus. This 
genus is composed of 10 species, including plant spoilage species (like Rhizopus arrhizus or 
Rhizopus artocarti) (Wiesel, I., Rehm, H.J., Bisping, B., 1997). 
The aim of this study was to determine the effect SSF method to percent yield production of 
antioxidant. Gallic acid was determine as a main compound of SSF product. Various of solvent 
such as methanol and ethanol also the mass quantity of Rhizopus oryzae was evaluate for the best 
performance to extract phenolic as gallic acid.  
 
2. MATERIALS AND METHOD 
In this study, two main materials are needed, including banana peel and Rhizopus oryzae mold. 
Bananas are obtained from market in Bandung. Rhizopus oryzae used is commercial mold in 
powder form. 
Firstly, spores in powder mold have to be counted by total plate count.  Mold one gram is added in 
10 mL sterilized water. Then, 1 mL mixture is diluted by 10x dilution factor in a tube. This dilution 
is repeated until six times in different tube so the dilution factor reach 106. Then, 0,1 mL mixture is 
taken from third, fourth, fifth, and sixth dilution and added on potato dextrose agar surface for each. 
After two days incubation in 30 oC, the mold clusters are counted. 
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The main experiments are fermentation and extraction. The banana peels have to be chopped first so 
that the average size is 5 mm. Each 10 grams banana peels are entered in three erlenmeyer flasks. 
Fermentation is done by addition of 1 x 106 spores in one flask. As control, one flask is left free of 
mold. As variation, 2 x 105 and 5 x 106 of spores are added in the other flasks. To support mold 
growth, 10 mL sterilized water added in every flask. Then, the four flasks are incubated in 30 oC for 
three days. 
 
Figure 1. Addition of some variance spores in flasks 
Antioxidant substance derived from this method is phenolic compound, so the measure used is total 
phenolic content (TPC). To analyse the TPC, Folin-Ciocalteu reagent is used and the measurement 
are carried out by UV-Vis spectrophotometer. Before analysis, six standard solutions of phenolic 
compound are made, each contain 5 ppm, 25 ppm, 50 ppm, 100 ppm, 200 ppm, and 400 ppm. 
Phenolic compound used as standard is gallic acid. Both standards and samples are taken 0,5 mL 
and then dropped in different tubes. Then, 1,5 mL of sodium carbonate (Na2CO3) 20% is dropped 
into the tubes, followed by 0,5 mL Folin-Ciocalteu reagent. The reaction and precipitation will take 
15 minutes. After 15 minutes, 5 mL aquadest are added into each tubes. Then, the absorbance are 
read by UV-Vis spectrophotometer. Standard curve is derived by data absorbance vs concentration 
of the standards. 
 
3. RESULTS AND DISCUSSION 
The results of the standardization curve show that the higher the concentration will show the high 
absorbance value but not linearly related. So that the regression technique is approached closest to 
that of 2nd order polynomial regression. From the regression results obtained quite good results 
seen from the regression quality that is 0.99 or close to one, this means that only a few errors are 
generated from the measurement and the regression curve model. can be used as a reference 
measurement. 
Banana peel waste contains flour of 1.2%, cellulose 8.4% and some monosaccharide sugars such as 
glucose and fructose and respectively 2.4%, 6.2% (Mohapatra, Mishra, & Sutar, 2010). Sugar 
compounds will act as carbon sources that can be utilized by Rhizopus oryzae so that the conversion 
of lignin to fumarate acid or gallic acid compounds can occur. Some studies indicate that the more 
sugar content on the substrate (Msp) will produce relatively higher antioxidant compounds (Wiesel, 
I., Rehm, H.J., Bisping, B., 1997). Antioxidant compounds contained in the flavonoid group in 
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which the glycoside group in the benzene chain is formed is the result of lignin conversion, 
brownish color when the extraction process takes place comes from the oxidation of polyphenols, 
monophenol monooxygenase and o-dipenoloxidase in dopamine compounds, these compounds will 
produce tannin. So that the more color chocolate during the extraction process will also produce 
high polyphenols and high antioxidant activity (Martins, S., Mussatto, SI, Martínez-Avila, G., 
Montañez-Saenz, J., Aguilar, CN, & Teixeira, 2011) so that it will correlate with the formation of 
antioxidants. Can be seen in Figure 4. The O label without the fermentation process only produces 
6.94 mg of antioxidant per gram of wet banana skin. While labels A and B produce more 
antioxidant gains, which are 118.83 mg and 242.63 mg per gram of wet banana skin respectively. 
 
Figure 2. Yield of antioxidant in some label 
There was a decrease in label C where the antioxidant gain only reached 123.39 mg per gram of wet 
extract. Whereas the mold given increases from 0.1 gram to 0.5 grams, but produces less yield. 
From the studies that have been carried out (Ma, Lv, He, & Xu, 2016) there is a phenomenon where 
Rhizopus oryzae can act as a medium of adsorption of PAH compounds (Polycyclic aromatic 
hydrocarbons), in this case Msp contains tannin and lignin compounds (Ghani, 2003) is a type of 
PAH compound. In saturated conditions where the carbon supply of sugar is exhausted (Label C, 
the amount of yeast reaches 0.5 grams) while Rhizopus oryzae still needs a carbon source to 
continue the metabolism, the PAH will be absorbed by the biopolymer of the cell wall of the fungi 
Rhizopus oryzae. There are two mechanisms of the fungus Rhizopus oryzae in degrading PAH by 
utilizing Cytochrome P-450 and by secreting extracellular enzymes namely the enzyme lignin 
catabolism (lignin peroxidase) (Steffen, Hatakka, & Hofrichter, 2003). When seen in Figure 5 the 
percentage of antioxidant gain of Label C decreased by only 77.82%, much smaller than Label B 
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4. CONCLUSION 
Acquisition of antioxidant compounds in Musa sappientum (Msp) banana peel waste can be 
increased using a fermentation technique with Rhizopus oryzae mushroom where optimum 
conditions are achieved at 0.1 grams of commercial yeast in 10 grams of banana peel. The anti-
oxidant compounds obtained in this condition amounted to 242.63 mg / gram of banana peel, or 
increased by 249.67% when compared with the method of extracting methanol without 
fermentation. Rhizopus oryzae mushroom is very easy to get on the market and the price is 
relatively affordable so that based on this research Rhizopus oryzae has the potential to be used as 
an antioxidant producer. The potential result of this study is that it can apply the principle of waste 
to wealth where plantain skin is abundantly available and has not been utilized maximally as a basic 
ingredient in the manufacture of antioxidant compounds that have high economical values. 
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